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Motivation: Assessment of LRW Effects on Beam Dynamics

* Investigate higher-order-modes (HOMs) in a TESLA-type
cavity (CC2) and their effects on beam dynamics using
bunch-by-bunch rf BPM data taken downstream of CC2.

« It is known that off-axis steering in accelerator cavities can
lead to long-range wakefields (LRWs) and dipolar HOMs that
can cause submacropulse centroid slewing and oscillations.
(A.H. Lumpkin et al., PRAB 2018).

« CC2 is tuned off-resonance and powered off in Run 3 data so
this is a special case.

« Beam dynamics downstream that lead to emittance dilution
were observed, but residual submacropulse centroid
oscillations present even with on-axis steering unlike the
cavity tuned case.
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CC2 HOMs Probed with V103 Scan

« HOM signals for different charges, 500 pC/b and 750 pC/b.
« 1.75-GHz band. Open iris above 500 pC/b. Double VC spot.

V103 Scan HOMs 750 pC/b Hybrid box on CC2 02-04-21
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CC2 V103 Scan Show HOM Near Resonances
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« CC2 HOM amplitude and phase information. Dipole Modes 7,
14 with diff. frequencies of 267 and 181 kHz with beam harm..
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CC2 Upstream CC2 Upstream
P 4000 P , ' 0
LA L5 A
168 b X 1.7336 LOA ,r”' oA
Y 33470188 05A | —~ \ 05 A
A=267 kHz 2 i N
/ ﬂ_{}.ﬂ;&)\ 2 2000 7 0.0 A
7 - 2
=7 SAlE / ———+05A
5 oEE R - LA E ety ~ — = —+10A
E e =272 == |-—-+154] 3 T TSI ———+15A
= T -~ - x =
=4 |01 . - o 2A — —— — — —+2A
B= B | X 1.7333333 + Bunch | 3 i
) Y 100 Eg— f
£ 2000 /
10"
. ‘ . . . . . 4000 . ‘ . . . . ‘ . .
1.732 1.7325 1.733 1.7335 1.734  1.7345 1.735 1.7315 1.732 1.7325 1.733 1.7335 1.734 1.7345 1.735 1.7355
Frequency (GHz) Frequency (GHz)
CC2 Upstream CC2 Upstream
p 4000 p
L5A : 1sA
104 b X 1.87495 -LOA E SLOA
Y 2957.6865 O5A | -~ B 05 A
A=181 kHz ; 00a | 2 2000 I 0.0 A
A ——-H5A| £ A —— -5 A
= ZA - LA PR — = —+l0A
= i ———+l5A| 3 ¥ . —— i3
£ 10° Wﬁwﬁ~ﬁ— i e T h| 8 - =
< - X 1.8747685 [ R T Bunch 2 \ /
Y 100 = /
& W
Z -2000 V
10'F ‘ . . . . ol
1.8735 1.874 1.8745 1.875 1.8755 1.876 1.874 1.87421.87441.87461.8748 1.875 1.87521.87541.87561.8758
Frequency (GHz) Frequency (GHz) ( S e e IVI O PA Bz 3 2 )
Jt H
3¢ Fermilab
Lumpkin, B. Jacobson| Short-Range Wakes IPAC21 May 25, 2021 5/13/2021



Submacropulse Centroid Oscillation and Slew at B120V

 Beam submacropulse centroid oscillation observed at B120PV
10 m downstream in comparison to B102 located before CCL1.

* Residual Oscillation of ~220 kHz (Green data) seen even with
on-axis steering at V103=0.0A.

FAST V103 scan, 500 pC/b, 50b 02-04-21
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Submacropulse Centroid Slew Effects are Tracked vs. z

« Estimated slew magnitude as function of z with backward
extrapolation indicates CC2 is source of the submacropulse
kick LRWSs.
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Summary

The HOM detectors and rf BPMs were used to evaluate off-
axis steering effects and LRWs in a TESLA Cavity at FAST.

CC1 was powered normally, but CC2 was off-resonance and
unpowered so total energy was 20 MeV.

Spectral data show clear near-resonances with a beam
harmonic in dipolar modes 7 and 14 in CC2. Combination
leads to submacropulse centroid oscillation at ~220 kHz.

Beam dynamics that lead to emittance dilution were observed,
but residual submacropulse centroid oscillations present even
with on-axis steering. We attribute this to CC2 being off-
resonance and the excitation of dipolar modes 7 and 14.
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Q118-120 used to Focus Beam at X121 and B121
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« The quadrupole focusing effect is shown in the reduced beam
submacropulse centroid oscillation from B120PV to B121PV.

This Is summed over in the synchroscan streak image.
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FAST V103 scan, 500 pC/b, 50b 02-04-21
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